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Abstract 
BACKGROUND: Studies have suggested that poor school achievement is associated with 
increased risk of schizophrenia; however, the possible genetic contribution to this association is 
unknown. We investigated the possible effect of the polygenic risk score (PRSSCZ) for 
schizophrenia and for educational attainment (PRSEDU) on the association between school 
performance and later schizophrenia. 
METHODS: We conducted a case-cohort study on a Danish population-based sample born 1987-
1995 comprising 1,470 individuals with schizophrenia and 7,318 subcohort non-cases. Genome-
wide data, school performance, family psychiatric and socioeconomic background information were 
obtained from national registers and neonatal biobanks. PRSSCZ and PRSEDU were calculated using 
discovery effect size estimates from a meta-analysis of 34,600 cases and 45,968 controls and 
293,723 individuals.  
RESULTS: Higher PRSSCZ increased the risk (IRR: 1.28; 95% CI, 1.19-1.36), whereas higher 
PRSEDU decreased the risk of schizophrenia (IRR: 0.87; 95% CI, 0.82-0.92) per standard deviation. 
Not completing primary school and low school marks were associated with increased risk of 
schizophrenia (IRR: 2.92; 95% CI, 2.37-3.60 and IRR: 1.58; 95% CI, 1.27-1.97, respectively), 
which was not confounded by PRSSCZ or PRSEDU. Adjusting for social factors and parental 
psychiatric history, effects of not completing primary school and low school marks were attenuated 
by up to 25% (IRR: 2.19; 95% CI, 1.75-2.73 and IRR: 1.39; 95% CI, 1.11-1.75, respectively). 
Increasing PRSEDU correlated with better school performance (P<0.01; R2=7.6%). PRSSCZ and 
PRSEDU was significantly negatively correlated (r=-0.31, p<0.01).  
 
CONCLUSION: Current PRS did not account for the observed association between primary school 
performance and risk of schizophrenia.  
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INTRODUCTION 
Cognitive impairments in schizophrenia often manifest premorbidly during childhood and 
adolescence (1) with the largest effect observed for IQ (2). School achievement, which is correlated 
with IQ (3), has less consistently been linked with the risk of later development of schizophrenia 
(4)(5) but recent evidence from large scale epidemiological studies does suggest an association 
between poorer school performance and higher risk of schizophrenia later in life (6,7). There is still 
limited understanding of the possible genetic underpinnings of the relationship between IQ (or 
school achievement) in the general population and schizophrenia (8). For the genetic relationship 
between IQ and schizophrenia, a recent meta-analysis of Genome Wide Association Studies 
(GWAS) in 78,308 individuals suggests a moderate negative genetic correlation between 
schizophrenia and intelligence (9). For educational attainment, recent studies using GWAS results 
have shown a small but positive genetic correlation between schizophrenia and educational 
attainment (10,11) 
 
A link between poorer school performance and higher risk of developing schizophrenia (6,7) 
support that impaired neurodevelopment increases risk of schizophrenia as evidenced by several 
longitudinal studies showing premorbid IQ deficit in individuals who subsequently develop 
schizophrenia (12–16). The association between lower school performance and risk of developing 
schizophrenia is not specific to schizophrenia as it has been observed for mood disorder as well 
(17,18). It is currently not known in any great detail whether the association between poorer school 
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performance and risk of schizophrenia could be partly due to genetic factors, or predominantly 
influenced by environmental factors.    
 
From the large Genome Wide Association Studies (GWAS) of schizophrenia (19) and educational 
attainment (10), polygenic risk scores (PRS) can be constructed from risk alleles at thousands of 
genetic loci. For instance, higher PRS for schizophrenia (PRSSCZ) predicts schizophrenia in the 
general population (20,21), and higher PRS has also been associated with certain non-psychotic 
symptoms (22) as well as with lower performance IQ (8). It is uncertain if the PRSSCZ is associated 
with primary school performance and if this association is explained by PRSSCZ or by other factors 
(e.g. genetic factors not assessed by PRSSCZ, early life environmental factors that impact on 
cognitive reserve, socio-economic factors etc.) (23). Differences in educational length are under 
substantial genetic influence with an estimated 15% single nucleotide polymorphism (SNP) 
heritability in unrelated individuals (10). From GWAS of educational attainment (10), a higher PRS 
for educational attainment (PRSEDU) has been shown to correlate positively with school performance 
(24) and longevity (25) but to be unrelated to risk of depression (18).  It may be important to 
examine the influence of PRSEDU on school outcomes and risk of developing schizophrenia in the 
general population since PRSEDU might pleiotropically influence the association between school 
performance and later schizophrenia. 
 
The aims of our study are to investigate the possible effect of the polygenic risk score (PRSSCZ) for 
schizophrenia and PRS for educational attainment (PRSEDU) on the association between school 
performance (in 9th grade) and later schizophrenia.  We wanted hereunder to answer the following 
questions: Are PRSSCZ and PRSEDU associated with the risk of schizophrenia? Is there a correlation 
between PRSSCZ and school performance in cases with schizophrenia and in non-cases?  Is there a 
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correlation between PRSEDU and school performance in cases with schizophrenia and in non-cases? 
Do PRSSCZ and PRSEDU confound the association between adolescence school achievement and risk 
of schizophrenia?  
 
METHODS 
Data Sources 
This was an observational case-cohort study linking Danish population-based registers using the 
unique personal identification number. This id-number has been assigned to all live-born children 
and new residents in Denmark since 1968 across all registration systems (26). The Danish 
Psychiatric Central Research Register covers all psychiatric inpatient facilities since 1969 and 
outpatient contacts since 1995 (27).  Diagnostic information was based on the 10th Revision of the 
International Classification of Diseases (ICD-10) from 1994.(28) The Danish Civil Registration 
System (26) contains information on dates of birth, death, immigration, emigrations and links to 
family members. The Integrated Database for Longitudinal Labor Market Research covers the 
entire population and contains yearly information from 1980 including income, marital status, 
education, and birth place (29). The Danish Neonatal Screening Biobank stores dried blood spots 
taken after birth from nearly all infants born in Denmark after 1981 (30).  
 
Study population 
All singleton births in Denmark, born in the period 1987 to July 1, 1994, who were registered in the 
Danish Neonatal Screening Biobank and who had a first diagnosis of schizophrenia (ICD-10 code 
F20.x) after July 1 registered in the Danish Psychiatric Central Register, the year they turned 18 
years (between 2005 and 2012), were included as cases. We conducted a case-cohort study where 
subcohort (SC) members were randomly selected among singletons born in Denmark by Danish 
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born parents between 1987 and 1995. The case-cohort sample used here was drawn from the larger 
iPSYCH sample which has been described in detail elsewhere (30). A proportion of the 
schizophrenia cases included had been selected from two prior Danish subsamples (GEMS1 and 
GEMS2), used in an earlier GWAS (31), but there was no overlap between the former and latter 
case selection as we only used incident schizophrenia cases. Parents were identified using the Civil 
Registration System (26). 
 
Genetic analysis 
For all three samples (GEMS1, GEMS2 and iPSYCH), DNA was extracted from the Danish 
Newborn Screening Biobank, and whole-genome amplified (in triplicate using the Qiagen REPLI-g 
mini kit and the three separate reactions were pooled). The GEMS1 and -2, samples were genotyped 
with Illumina Human 610-Quad BeadChip array or Illumina Infinium CoreExome beadchip, 
respectively (details has been published previously) (31). The iPSYCH, samples were processed at 
the Broad Institute (Boston, Massachusetts, USA) using the Infinium PsychChip v1.0 array 
(Illumina, San Diego, California, USA). For the iPSYCH sample genotyping was conducted in 23 
waves, and samples with overall call rates < 95% failed sample quality control (further details have 
been described elsewhere) (30).  
 
Polygenic risk score estimation 
PRSs were calculated for schizophrenia (PRSSCZ) and educational attainment (PRSEDU). To 
calculate PRSSCZ, association results from the latest Psychiatric Genetics Consortium (PGC) 
schizophrenia sample,(19) except the Danish were included in a meta-analysis, which resulted in a 
discovery sample of 34,600 cases and 45,968 controls. The PRS was calculated using the summary 
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statistics from the discovery dataset (effect allele, size and direction), after excluding uncommon 
SNPs (MAF <2%) low-quality variants (info score <90%), SNPs missing in > 50% of subsamples 
from the PGC and only keeping the most significant marker in the extended major 
histocompatibility complex (MHC region) (Chr6: 25-34 Mb). Data was clumped in windows of 500 
kb, removing SNPs in Linkage Disequibrilium (LD) with an R2 > 0.1 with another more significant 
marker. 
For educational attainment, the PRSEDU was based on the largest GWAS with summary statistics on 
293,723 individuals (10). GWAS summary statistics for educational attainment were obtained from 
https://www.thessgac.org/data.". We calculated PRSEDU based on summary statistics from this 
discovery dataset excluding rare SNPs (minor allele frequency < 5%), low-quality imputed variants 
(INFO < 90%), indels, ambiguous markers (A/T and C/G) and SNPs in the extended MHC region 
(chr6: 25-34 Mb). Data was clumped in windows of 500 Kb, discarding variants in LD (R2 > 0.1) 
with another more significant marker.   
PRSSCZ and PRSEDU were standardized in our study sample separately for GEMS1, GEMS2 and 
iPSYCH, using arithmetic mean and standard deviation in controls only to account for the 
differences in genotyping procedures (e.g. type of chip used). Both scores were calculated based on 
permissive P-value thresholds ranging from P < 5e10-8 to P < 1. In this study, we used a  of 0.05 
as this has been deemed optimal for the discovery of signals in the training sample (32). 
 
Genetic correlation between schizophrenia and educational attainment 
The genetic correlation between educational attainment and schizophrenia was calculated using LD 
score regression (33), based on summary statistics of our sample and the one for educational 
attainment (10). The schizophrenia sample used to calculate correlation with educational attainment 
was slightly different from the sample used in the main analyses in the paper. The schizophrenia 
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sample only includes waves with more than 40 cases, and the number of controls is downsampled to 
four times the number of cases (to avoid dominating genetic structure from the controls). The 
sample was corrected for population structure by adjusting for the first two principal components 
derived from principal component analysis. Furthermore, variants in the sample were filtered so 
they only included intersecting variants across all three samples (GEMS1 and -2 and iPSYCH) with 
an INFO score > 0.9 and MAF > 0.01.  
 
Adolescence school variables  
Data on grade point averages and the failure to complete primary education was retrieved from the 
Primary Education Register. Primary education in Denmark lasts ten years and is comparable to 
elementary/middle school in North America and primary/lower-secondary school in the United 
Kingdom. Students are typically 16 years of age at graduation.  
Exams are mandatory for students. Grades are based on agreement on the child’s performance 
between the child’s teacher and an external examiner. Children were graded on a 7-point scale 
according to absolute criteria, rather than being compared to their peers. Information about grade 
point was obtained from Statistics Denmark and data on primary education is available from June 
2002 and onwards. A priori, we defined individuals who had not completed ninth grade exams in 
both math and Danish by the age of 17 years as non-completers. 
Here, we used the average grade point for each child for written and oral math and Danish 
(excluding grades for order). These two subjects were chosen because it was available during the 
school years included in the study, and because these test are the most standardized ones. For 
analytic purposes, we included the two following: completion of primary education as a binary 
measure (yes/no) and average grade point (only available for those having completed). 
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Assessment of socio-economic status 
We generated a parental socio-economic status score (0-6) for the year prior to the proband’s birth 
as a sum of 6 previously described risk factors where ”6” is lowest SES  (11), consisting of: father’s 
or mother’s gross income in the lowest quintile, father or mother being unemployed or otherwise 
outside the labor market, and father’s or mother’s highest educational level less than high school 
completion.   
Assessment of schizophrenia and mental disorders in probands and in their parents 
The psychiatric register (27) was used to identify individuals with schizophrenia (ICD-10 code 
F20.x) and extract explanatory variables indicating whether the patient’s parents had been given a 
diagnosis according to the hierarchy: schizophrenia or related (schizophrenia-like)  psychosis (ICD-
8 codes 295, 297, 298.39, and 301.83 (301.83 was included as schizophrenia-like psychosis as in 
previous publications (34)(35)) and ICD-10 codes F20-F29), or any other psychiatric disorder 
before the proband turned 10 years (assuming that parental  psychiatric history is most relevant 
before the age of 10 years) (36).  
 
Statistical analysis 
Individuals were followed from their 18th birthday until first diagnosis of schizophrenia, death, 
emigration, or end of study (December 31 2012), whichever came first. As some individuals may 
finish 9th grade one or two years later than the average, we chose to start follow up at age 18 instead 
of age 16. For analyses using primary education as an exposure (and schizophrenia as outcome), we 
examined the effect of not having completed primary education and of school grades using the 
median quintile as the reference. For the case-cohort sample, incidence rate ratios (IRRs) for 
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schizophrenia were estimated in a weighted Cox model. We used the Lawless and Kalbfleish 
estimator with robust standard errors (SE), as this estimator has been deemed optimal (37).  
The basic model was adjusted for sex, age and year of birth (1987-88, 1989-91, 1992-94) We then 
adjusted for PRS or for psychiatric family history and socioeconomic status ending up with the final 
model taking all effects into account. To control for population stratification, we restricted the 
sample to offspring of parents born in Denmark and adjusted for the first 2 principal components. 
Mean PRSSCZ and PRSEDU was compared using ANOVA analyses for each of the 6 categories of 
adolescence school performance.   
 
RESULTS 
A total of 1470 cases with schizophrenia and 7318 subcohort non-cases were available for analysis. 
Details as to the representativeness of the case-cohort sample to the general population has been 
described elsewhere (30).  
Table 1 contains characteristics of cases with schizophrenia and non-cases in the cohort. More cases 
than SC non-cases were non-completers of primary school (out of the 1470 cases and 7318 SC non-
cases, a total of 455 (30.9%) of all individuals with schizophrenia and 962 (13.1%) among the SC 
non-cases were non-completers). For the overall average, and Danish and math grade scores, lower 
average grades were consistently found in the group with subsequent schizophrenia diagnosis 
(p<0.0001). Cases had higher proportions of parental schizophrenia, other parental psychiatric 
diagnosis, and lower average lower socio-economic status than controls (all p<0.0001).  
 
Associations of PRSSCZ and PRSEDU with schizophrenia  
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We found that higher PRSSCZ predicted schizophrenia with an IRR of 1.28 (95% CI, 1.19-1.36) per 
standard deviation of the PRSSCZ in this sample. The highest (versus lowest) decile of PRSSCZ 
predicted schizophrenia with an IRR of 2.26 (95% CI, 1.74 – 2.94).  
We also found that PRSEDU was inversely associated with schizophrenia with an IRR of 0.87 (95% 
CI, 0.82-0.92) per standard deviation of the score. The highest decile (versus lowest) PRSEDU 
predicted a decreased risk of schizophrenia (IRR 0.68; 95% CI, 0.51 – 0.90) compared to the lowest 
decile.  PRSSCZ and PRSEDU was significantly negatively correlated (r=-0.31, p<0.01).  
PRSSCZ and associations with school performance  
 
We wanted to investigate if there is a correlation between PRSSCZ and school performance (9th 
grade) in cases with schizophrenia and non-cases.  Figure 1 shows mean PRSSCZ (and 95% CI’s) for 
six categories of school performance in cases with schizophrenia and SC non-cases. Among the 
cases, we found no clear correlation as there was no clear pattern that poorer school performance 
was associated with higher mean PRSSCZ. Among the SC non-cases, status as non-completer of 
primary school was associated with a significantly higher mean PRSSCZ (from regression of PRSSCZ 
on completers versus non-completers). We also tested for effect modification by examining whether 
the association between PRSSCZ and school performance was different according to whether the 
child/adolescent developed schizophrenia or not but found no significant difference (P=0.99).     
PLEASE INSERT FIGURE 1 ABOUT HERE 
PRSEDU and associations with school performance  
We also investigated the correlation between PRSEDU and adolescence school performance and we 
hereunder tested whether the association between PRSEDU was different according to whether the 
child/adolescent develop schizophrenia or not. As shown in Figure 2, PRSEDU was associated with 
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positive school performance (category of adolescent school performance) in a dose-response 
association. (p<0.001; test for trend) in cases with schizophrenia and non-cases. There was no 
evidence that the effect of PRSEDU was different according to whether the child/adolescent 
developed schizophrenia or not (P=0.98). In the entire sample of cases and non-cases, PRSEDU 
accounted for 7.6% of variance in school performance.  
 
PLEASE INSERT FIGURE 2 ABOUT HERE 
 
Primary school performance and associations with schizophrenia 
Table 2 shows that poorer school performance was associated with an increased risk of 
schizophrenia in both basic and adjusted analyses. In basic analyses, non-completers of primary 
school had an increased risk of schizophrenia with an IRR of 2.92 (95% CI, 2.37-3.60) compared to 
completers. Adjusting for PRSSCZ and PRS EDU (without adjusting for psychiatric family history and 
socioeconomic status) did not substantially alter the effect of being non-completer on ninth grade, 
which indicates that there was no evidence of confounding by PRS. In the fully adjusted model that 
additionally included psychiatric family history and socioeconomic status, non-completers of 
primary school had an increased risk of schizophrenia with an IRR of 2.19 (95% CI, 1.75-2.73). 
The fully adjusted model thus took into account both genetic liability and parental psychiatric history.  
 
Among completers of primary school with grades in the lowest quintile, the IRR of schizophrenia 
was increased with 1.58 (95% CI, 1.27-1.97) compared to the median quintile, whereas probands 
with grades in the highest quintile had an IRR of 0.55 (95% CI, 0.42-0.72). We also found that 
adjusting for PRSSCZ and PRS EDU (without adjusting for psychiatric family history and 
socioeconomic status) did not substantially alter these estimates.  
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DISCUSSION 
Main findings 
The present study investigated the possible effect of the polygenic risk score (PRSSCZ) for 
schizophrenia and for educational attainment (PRSEDU) on the association between school 
performance and later schizophrenia.. We found that increasing PRSSCZ predicted schizophrenia and 
that PRSEDU also predicted schizophrenia.  PRSSCZ did not convincingly correlate with 9th grade 
school performance in cases with schizophrenia, but PRSEDU correlated with adolescence school 
performance in a dose-response association with 7.6% of the variance explained by PRSEDU.. 
Finally, we replicated a robust association between poor school performance and risk of 
schizophrenia, which was not explained by neither PRSEDU nor PRSSCZ.  
 
PRSEDU analyses  
Consistent with the findings of others, (10,11) we found that the genes identified for educational 
attainment showed a genetic overlap with schizophrenia. Each standard deviation higher PRSEDU 
predicted a significantly 13% reduced risk. This result contrasts with the findings of Okbay et 
al.(10) and Krapohl (38), who found a positive genetic correlation between educational attainment 
and schizophrenia (r = 0.08) (10). Low cognitive performance and low school performance have 
been associated with schizophrenia (7,16,39). Evidence from a population-based Swedish Multi-
Generation Register, suggested a negative correlation (-0.11) between IQ and psychosis, in line with 
our results (40). Also, it has been demonstrated that copy number variants conferring risk for 
schizophrenia predict lower cognitive performance in healthy individuals (41). Hence, a priori we 
would expect variants associated with more years of schooling to occur less frequently in 
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schizophrenia cases. On the other hand, polygenic risk score for schizophrenia has also been 
reported to predict creativity in independent samples (42), and a high prevalence of psychosis in 
individuals performing high in certain creativity and cognitive tasks has been reported (43), and it is 
evident that the relationship between schizophrenia and educational attainment is complex. Lead 
SNPs for both educational attainment and schizophrenia show enrichment in brain areas important 
for cognition (10), and it is possible that SNPs associated with schizophrenia are in LD with SNPs 
associated with educational attainment because they occur in the same brain regions and hence 
would create genetic correlations, as suggested in Okbay et al (10). Furthermore, in Okbay et al., 
they used schizophrenia GWAS summary statistics from the full PGC2 meta-analysis, whereas we 
used the Danish subsample included in the PGC2 (GEMS1 and -2) and a sample from the iPSYCH 
cohort. It is plausible that the heterogeneity or genetic drift is responsible for allele frequency 
differences between the PGC2 and the Danish sample, and that this would be reflected in different 
estimates of genetic correlation between educational attainment and schizophrenia. 
  
We found a rather high correlation between PRSEDU and school performance in cases with 
schizophrenia as well as in non-cases. Findings from a recent UK based study using teacher-
obtained information about school performance (English and mathematics) suggest that educational 
PRS explained 9% of the variance at the age of around 16 years (24). A generally poorer primary 
school performance in the schizophrenia group compared to controls could be due to effects of 
other factors (such as early morbidity) expressed more strongly in the schizophrenia group.  Of the 
genome-wide significant loci associated with educational length (10,44), the relevant SNPs are 
disproportionately found in genomic regions regulating gene expression in the fetal brain (10), 
possibly affecting school performance in the pre-schizophrenia group adding to the hypothetical 
effects of other risk genes expressed in the fetus and involved in synaptogenesis (45,46). 
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PRSSCZ analyses 
PRSSCZ had power to predict schizophrenia in line with previous findings (47) despite a low degree 
of chronicity of schizophrenia in our sample. The association with schizophrenia identified in the 
latest PGC GWAS paper (47) is stronger in more chronic schizophrenia samples (48). We found no 
evidence that PRSSCZ explained poorer primary school performance in schizophrenia. Limited 
statistical power may underlie our negative findings but it is also possible that environmental risk 
factors could have impacted school performance more in cases with schizophrenia. However, within 
the control group, a higher mean PRSSCZ was found in probands that had not completed primary 
school, but no association was found among completers. Interestingly, higher PRSSCZ has 
previously been shown to be associated with non-psychotic phenotypes including anxiety disorder 
in young people (22).    
 
Social factors and family-level psychiatric history influences 
As in previous studies (20,49), family level psychiatric history and parental socioeconomic status 
was  associated with the risk of schizophrenia in offspring as well as with school performance (5). 
These factors clearly confounded the association between school performance and risk of 
schizophrenia. Our multivariate approach disentangled effects of common genetic variants from 
some of the presumed environmental effects of social factors and parental psychiatric history. After 
adjustment for all factors, we still found a 2.19-fold higher risk of schizophrenia to be associated 
with not having completed primary school and an elevated risk was also associated with low school 
marks. This suggests that other factors (than our currently measured risk factors such as early 
morbidity) could have played a role.  In the study of 5825 UK individuals, their polygenic score for 
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education was associated with family socioeconomic status (~7%) and no interaction between their 
educational attainment PRS, family socioeconomic status on school performance was found (24).  
 
Strengths and limitations 
Strengths include the uniformly organized Danish health care system, access to the Primary 
Education Register allowing a population-based design, the ability to link different data sources 
with prospectively collected data, and a virtually complete follow-up. Access to the Primary 
Education Register enabled us to examine earlier markers of educational success in the general 
population, at a time prior to the typical age of onset of schizophrenia. Moreover, we used publicly 
available GWAS summary statistics for schizophrenia and educational attainment to calculate 
polygenic risk scores (PRSSCZ  (19) and PRSEDU (10).  
Several limitations should be considered. Schizophrenia is a heterogeneous disorder but a diagnosis 
of schizophrenia in the Danish Psychiatric Central Register has high diagnostic validity (50). 
Despite the PRSs being based on big samples, they may not be sufficiently powerful to capture 
signs of disrupted neurodevelopment.  PRS only capture a proportion of the variation attributable to 
underlying genetic risk (51), as they don’t include e.g. deleterious exonic mutations (52) or rare 
copy number variations  (53), which may be important for the behavioral trait. Also, our measure of 
socioeconomic status might only have captured a part of the actual circumstances during an 
individual’s upbringing.  
 
Conclusion 
We found that poor school performance prior to the typical age of onset of schizophrenia predicted 
increased risk of schizophrenia later in life. The PRS for educational attainment PRS predicted 
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primary school performance and explained 7.6% of its variance. However, neither current PRSSCZ  
nor PRSEDU explained the “school performance-schizophrenia association”. 
Poor school performance may be an antecedent, or part of the extended prodrome for schizophrenia. 
Collectively these findings suggest that other factors (e.g. genetic factors not assessed by PRS 
environmental factors that impact on cognitive reserve and neurodevelopmental factors etc.) are 
important in explaining the “school performance-schizophrenia association”. 
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Legends 
Figure 1: Mean (95% CI) PRSSCZ according to category of primary school performance (NC= non-
completers; 1 depicts the lowest and 5 the highest quintile) in cases with schizophrenia and in non-
cases 
Figure 2: Mean (95% CI) PRSEDU according to category of primary school performance (NC= non-
completers; 1 depicts the lowest and 5 the highest quintile) in cases with schizophrenia and in non-
cases 
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Table 1. Characteristics of the population-based cohort with schizophrenia (SZ) and non-cases. 
 SZ cases Non-cases p-value for 
difference  
Total, N 1,470 7,318  
Passed primary school,1 N (%) 1015 (69.0) 6,356 (86.9) <0.0001 
Average grades (SD) 5.7 (2.0) 6.5 (2.2) <0.0001 
Average Danish (SD) 5.9 (2.2) 6.4 (2.3) <0.0001 
Average math. (SD) 5.4 (2.7) 6.7 (2.8) <0.0001 
Parental schizophrenia, N (%)  69 (4.7) 92 (1.3) <0.0001 
Parental any other psychiatric diagnosis, N (%) 342 (23.3) 829 (11.3) <0.0001 
Low socioeconomic2, N (%) 124 (8.4) 244 (3.3) <0.0001 
High3 PRSSCZ, N (%) 263 (17.9) 759 (10.4) <0.0001 
High3 PRSEDU, N (%) 108 (7.3) 733 (10.0)       <0.001 
1Passing primary school is defined as having at least an average of 2 in Danish and math. before 
July 1st the years they turn 18 years 
2
 Measured on a score 0-6 where”6” is lowest. 
3
 Highest decile. 
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Table 2. Incidence rate ratio (IRR) of schizophrenia according to school achievement at primary 
school (not-passing and quintiles of average grades).  
 Basic model Adjusted for 
PRSSCZ 
Adjusted for 
PRSEDU 
Adjusted for 
SES1and parental 
psych2. 
Fully adjusted 3 
 IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% ) 
Not passing  2.92 (2.37-3.60) 2.87 (2.34-3.55) 2.93 (2.37-3.61) 2.19 (1.75-2.73) 2.19 (1.75-2.73) 
Lowest quintile 1.58 (1.27-1.97) 1.60 (1.28-1.99) 1.59 (1.28-1.98) 1.36 (1.08-1.70) 1.39 (1.11-1.75) 
Second lowest 1.44 (1.15-1.79) 1.44 (1.15-1.80) 1.44 (1.15-1.80) 1.31 (1.05-1.64) 1.33 (1.06-1.67) 
Median quintile  1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 
Second highest 0.84 (0.68-1.06) 0.85 (0.68-1.07) 0.85 (0.68-1.06) 0.89 (0.71-1.11) 0.89 (0.70-1.12) 
Highest quintile  0.55 (0.42-0.72) 0.55 (0.42-0.72) 0.57 (0.43- 0.74) 0.61 (0.47-0.80) 0.61 (0.46-0.81) 
 
1 Socioeconomic status 
  2
 According to hierarchy of parental diagnoses (see text) 
 
3 
 Mutually adjusted for all variables. 
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